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OXO-BENZIMIDAZOLES, QUINOXAUNE-DI-N-OXIDES 
AND BENm&IDAZOL&MONO- AND DI-N*OXIDES 

(71) We, RESEARCH CORPORATION, of 405 Lexington Avenue, New York, 
New Yoik, 10017, United States of America, a Corporation organised under the laws 
of the State of New Yoiic, United States of ^America, do herdsy dedaie the invention, 
for ^ch we pray diat a patent may be granted to us, and the mediod by v^di it is to 

5 be petfoimed to be pardculariy described in and by the foUowing statement: — 
This invention relates to quinozaline-di-N-oxides, and benzimidazole-mono and 
di-N--oxides. The compounds of the present invention are useful in the control oi various 
padiogenic microorganisais. As siiown in U.S. Patent No. 3,047,579, such compounds 
are generally prepared by p rocesses invdving the direct oaddaticm of quinoxaline com- 

10 pounds and usually require a corresponding quinoxaline compoimd as the starting ma- 
tnaL Oxidation leacdons are generally known to be somewhat noiHselective and may 
give rise to low yields of die desired product tog^her with one cht moie by-products 
vMdi can be difficult to separate. 

Our British Patent No. 1,215,815 disdoses and claims a process for pnxhicing 

15 qiunoxaline-di-N-ooddes and benzimidazole mono- and di-N-oxides which comprises 
reacting a conqxamd containiDg a methylene group which is activated by two electron 
witfadrawing-groups, or a con^Nmnd containing a methylene groiq> whidh is activated 
by one eteonm-withdcawing groi^ said one electron-withdrawing group being a nitro 
ffoap or a carboi]]4 group of a ketone or an alddiyde;, with an isobenzofurazan in the 

20 presence of a base. 

Processes for producing quinoxaline di-N-ooddes ndiicfa comprise the following stq> 
(which is datmcd m British Patent No. 1,187,991) are, however, specific^ disclaimed 
from Patent No. i^l5y815> namely the step of reacting a compound ooniatns a 
keiom c or alddiydic caxfooiiyl g^oap and \iidiidh has a methylene groiqi in a positioii 
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adjacent tfac caxbonji ffoup with at least equimolar quactides of both a benzofuraxaoe 
N-KisMeof tfaefdlowmggeiieiBlfbmtula: — 




in which 

5 X lepresents 1 or 2; 5 
• R represents a hjdipgen or halogen atom, or an aikyl, aIkozy> carbalkoxy or caxbarsnoo^ 
group or the radical 

/ 

X— N 

in which 

10 X denotes — SO^r— or —CO—; 10 
Y denotes a hydrogen atom or an alkyl radical; and 

Z denotes (1) a hydrogen atom; (2) an alkyl radical; (3) a cydoalkyl radical having 
5 to 8 carbon atoins in the ring system; (4) an aryl radic^ which may be substituted 
from one to three times by alkyl or alkoxy radical containing 1 to 6 cariwn atDms» a 
15 halogen atom; or (5) a heterocydic radical; or Y and Z together with the nitrogen 15 
atom which links them form a heterocyclic radical; 

or two radicals R together form a fused benzene ring, and of a primary aliphatic or 
cydoaliphatic amine or ammoniaj or with at least an equimolar quandty of a correspond- 
ing ScfaifTs base, which process is carried out in an organic diluent at a temperature of 

20 ftom20tol0a'C 20 
The present invioition is an improvement in or modification of the method of our 
British Patent No. 1^15,815. We have found that, in accordance wirfi the present in- 
vention, quinoxaline di-N-oxides, l-hydrosy-3-oxo-benzimidazoles or beniomidazole- 
di-N-oxides can be prepared by reacting an isobenzofuroxan with a malonamate, a 

25 malonic acid diamide^ malononiirile, a heterocyclic ketone, a pyniyaldehyde acetal other 25 
dian the dimethyl acetal (the use of which is claimed in Specificaiion No. 1,215»815) a 
lower alkoxy >,7-di(lower-aJkoxy) aceto acetate other than ethyl ';,7-diedioxy accto 
acetate (Ae use cf which h claimed in Spedlication Xo. 1J!I5,S15), a ^-keto «ter, a 
^-dik^ne, a jS-keto amide, a primary or secondary nitro compound, a malcmic add 

30 dtester> cyano acetamide an alicydic ketmi^ a keto sulfonyl compoimd or a kecosulfon- 
amide in the presence of a base. 

In tlK method of the present invention, certain specific bases are used with certain 
reactantSL Thus when the reactant is a malonic add diester the base is either an alkali 
metal hydnndde or an alkali metal h\'dride. When the reaaant is a malonamate, or an 

35 alicydic ketone, the base is an alkali metal hydroxide, an alkali metal hvdride or an 
alk^ metal alkoxideL Widi a ^eto ester or a j^-diketone, the base is ammonia, a prim- 
ary or a seoondaiy amine or an alkafi metal hydride. With )3-keto amides the base is a 
tertiary amine cr an alkali metal hydroxide, h\-dride or alkoxidc. With a hetcroc>xlic 
kenme, the base is ammom*a, a primary, seomdary or tertiary amin^ or an alkali metal 

40 hydmide, alkoside or hydride. When the reactant i« eidier malom'trile, or cyano acet- 40 
anmle^ the base is an allali metal hydride. When the reaaant is a pynivaldefayde acetal> 
the base is ammonia, a pimary, secondary or tertiary amine. When the reactant is a 
lower aB^ ^^t^- (lower alkojQr) aoetoacetate, the base is ammonia, a primary, 
secondary or tertiary anoine, an aioicali metal hydroxide, hydride or alkoxide. When the 

45 reactant is a primary or secondary nitro compound the base is ah alkali metal hydroxide, 45 
an alkali metal alkosdde or an alkali metal hydride: 

In the case of j9-keto esters and malonic add diesters, v^en an alkali metal alk- 
oodde ts used, it is prdforabk to use an alkoxide having ±e same alkyl group as the 
reactant to avoid ester interchan^ 

^ The prep a r ativ e reactions of the present invention may be exemplified by die 50 

following general reaction:— 
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3 





In Ais sequence, the otmpound R,CH, - CX> - R. is a nalonamate, a malraiic add 
diamide; malonitrile, a heterm^'c ketone, a pymvalddiyde acetal, a p-kettt ester, a fi- 
ditetone, a lower alkyl y,y-dd(kma aSkfay) aceto acetate, a /S-keto amide, a malonic 
aad diester, a (^ano aoetamid^ an alicydic kettne, a keto-sultdiarel canpoond, or a 
Itetosu^dumamide. 

Reaction sequence (I) is more lyrrificaMy iUuslnted ia die foUowing leacdon 
sequences is (II) to (IIIE):— 




10 



15 





i/^-Sv - ?^ sequence (I) are taken together to form an abcydic ring in which 
n = Z to 16. The ahcydic ring may be substituted with a substituent such as halogen, 
liydOTyl, alk^ aceioxyl, alkyl, aryl, acctal, amino, substituted amino, e.g. aJkylan^ 




10 



15 



20 



Hra^tte caibonyl group and die adjacent mediylene group of reactant (b) in sequence 
Ifc»mpaTtirfabcterocydkring,c.g.aheterocydicketone,Ti^ere 1 andn=2 

or 3. hctero atom Z can be oxygen, sulfur, imino (NH) or substituted imino, 
v^ercm die substituent on die m'trogen may, for example, be alkyl, aryl, such as phenyl, 
acjd, such as acctji, or aroyl. As in sequence II, die ring may be subsdtuted by subsd- 
tuent Ra. When m== (n- 1), two isomeric products will be fonned. 



20 
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Here, or may be hydrogen and either or both msy be alkyl groups, e^.^ of 1 to 6 
carbon atoms, ^ibsdtuted alkyl groi^ or aryl groups. Appropriate subsdtuenfS for R« 
and R, are as exemplified in reaction II under the definition of Rs* 



(UIB) 



0 
t 




5 Here, R, is as exemplified as in (HIA ) and R. may te ORr, where R? is alkyl, aiyl <w 
aDoijA: or NRJU where R, and R. may be faydiogen, alkyl or ai^, e.g., pfaenyi. 



(IIIC) 




Here, R., fiw esanvle, is OR, or NRJU, in wWdi R:, R. and R, are as exemplified m 
(UIB). The produa of diis reaction sequence may include the reduced lonn of uic 
10 indicated di-N-ozide. 

(HID) 



-I- CH 



10 





(IVA) 




'10 



m 



In diis sequence R,„ is hydrogen, aSkyU substituted alkyl» axyls sabstttoted arjU carb- 
alkuxyy or caxbozainido;^ 



(IVB) 



CO 



0 

t 
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In this sequmce Ru and R,. are as exemplified as Ri., in JVsi) widi the esceptian of 
faydrogeiij or taken togedier fonn a carbocydic ring or substituted caxbocydic rin& with 
substituents as previoirsly desc ribed , 

Reacdon sequences I id Hid above concern the reaction between a benzofuroxan 
whh a methjIene-Gontanung compound activated by one or two election- 5 
withdrawing groups to provide a qmnozaline-di-N-oxide. Reacdon seqimces IVA and 
rVB above deal with the reaction between a benzofuroxan with prinary and secondary 
nitro compounds. As is evident, the piimary nitro compounds yield hydroxy benz- 
imidazole-N-oxides (IVA) wtoeas the secondary derivatives provide the benzimid- 
azole-di-N-oxides (IVB). 10 

Although only one sub^ituent X is illustrated in ^rh of the above ^mwTs and 
in most of the following formulae there may be up to four substituents on die fused 
aiyl moiety of the benzofuroxan, eadi of which may be different 

For example, one or more of the following substituents can be present: hydrogen, 
lower alkjd, lower alkoxy, chbro, bromo, fluoro, trifluoromethyl, di (lower alkyI)amino, 15 
amino, carboxy, caibamyl, carbo(lower alkoxy), lower aJkyhnercapto, lower alkylsulf- 
oxy, lower alkylsulfonyl, sulfonamideo, N- (lower alkyl)sulfonamido and N,N-di(lower 
all^)sulfonamido. (In this Spedfication die terms " lower alkyl " lower alkanoyl 
and " lower alkoxy " respectively mean an alkyl, alkanoyl and dkoxy group having 
seven or fewer carbon atoms). The favored positions on Ae aiyl ring of the benzofiir- 20 
oxan are the 5- and/or 6-positions. Of speaal interest for these positions are at least 
one of the following subaituents: hydrogen, methyl, cfaloro, fluoro, trifluorometfay], 
medioxy and sulfonamido. Where both singly or multiply-substituted compounds can 
be be used, a sin^y-substituted compound, that is, a 5- or 6-subsdtnted conqwund 
would be preferred to a 5,6-di5ubstituted derivative for reasons of economy in manu- 25 
factnre as r^ards the benzofuroxan reactant. Nitro, hydrox>* and mercapto groups arc 
not desirable substituents since diey retard the reaction and/or give undesired products 
and/or poor yidds. 

The locations of the substituents X„ X=, X3, and X4 illustrated herein is somewhat 
arbitrary since the exaa points of attachment of die mediylene-containing compound 30 
to the benzofuran are difficult to predict For example, if a benzctf uroxan of the formula 



10 



15 



20 



25 



30 




is reacted with a reactant Ri»-C3%— <X)Rs, two products are possible as shown by die 
formulae bdow: — 



35 



40 




(III-A) 



(III-B) 



In formula lO— A, die groups X„ Xs. X, and X^ arc attached to die 5, 6, 7 and 
8*po^tions whereas in III — B, they are attached to the 8, 7, 6, 5-positions of the quin- 
Qxaline-di-N-^xide ptoducv The examples herem use the first system of ix)mendature. 
It must be remembered thxoughoot diat this designation is puxely arbitrary except in the 
case vfbat X, =X« and X*— X^ and in the case wiimin all four substituents are alike. 

Benzofuroxan or a substituted benzofuroxan can be used in the process of d^s 
invention. Such benzofuiuxans are readily available or easily prepared by dK)se skilled 
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in the art. For »ny tanci> ^ the prqraiation of various subsiimtcd bcnzcfuroxans is des- 
cribed Kaufinan et aL In Ghem. Rev. 59, 448 (1959} in an ardde endded ''The 
FuiDxans **• 

As previously stated^ die leactants ^cfa may be used in accordance uith die 
5 piesent mvendcn axe malonamates, /S-kecoesters, ^-dikeumes, malonic acid diesters, 5 
malottonitrilesi, malontc add diamides» heterocycHc ketones, alicydic ketones, ^-keto- 
amides, ester-^amides, ketosulfonyl compounds, ketosulfonamidesi, pynivaldeh^'de^ acetals 
and primary and secondary nitro compounds. 

The preferred /S-diketones, )3-ketoesters and malonic esters which may be used in 
10 accordance with the present invendcm have the fdUowing general fonnulae, respectively: 10 



O O 

R..-C— CH:r-O0OR 

!> 

R— OC-CHr-C-OR 



(VII; 
(VIII) 
(IX) 



wherein the R groiqis rqpresent alkyl groups contammg from 1 to 4 carbon atoms which 

15 may be ablce or different. IS 
In the preparadon of quinoxaline-di-N-oxides, particularly widi the malonate 
reaccants, a propordon of the corresponding quinoxaline compound is formed along 
with the quinoxalxne-di-N-oxide. TTie compoimd of reduced form may be separated by 
conventional ^laradon techniques, eg., filtration of die reaction mixture, followed by 

20 recovery of the quinojtaline-di-N-osdde from the filtrate. With malonamates, that is, 20 
half-ester, balf-^amide derivatives of malonic add, the quinoxaline compound appears to 
be the predominant product 

Reaction sequences IVA and B above illustrate the reaction between a baizofuran 
with a nitro compound. If the nitro compoimd is of the primary type, that is, where 

25 there is a CH.- grrup alpha to the nitro group, then the resulting product is a l-hydroxy- 25 
3-oxide illustnited by reaction IVA. Altemativdy, if the mtro compound is of die 
secondary type, that is vdiere die adjacent carbon atom has only one hydrogen attached, 
the resulting pnxiuct is a ben2imidazole-13-di-N-K)xide. .\lthougb the mechanism in- 
volved in reaction sequences I to (IIID) and (IVA) (IVB) are similar, in die latter 

30 there is a marked difference in the type of products obtained. As is evident, the quin- 30 
oocaline-di-N-oxides contain a six membered B ring whereas the benzimidazoles contain 
a five-membered B ring. \{^di regard to the oigano nitro reactant, compounds encom- 
passed by die Mowing general structure are pidferred for die process of dus invention: 



H 




35 ^rfieiemRisaIkvlliavmglto4carfoonatomsi,andRMsHoratt^ 
at oi tts* 

The leactka sequences described above (I to IVB) must be effeaed in the pres- 
ence of a base. A varies of bases may be used, for example organic amines, ammoma, 
alkali metal hydroxides, hydride and alkoxides. 

40 R^resentative of such bases are ammonia,jirimary amines such as n-propylamme, 

n-butylamine, anilme, cydohexylamine, benzylamine, p-toluidine, ethylamine, n-octjl- 
amine; secondary amines such as di-ethykunine, di-n-propylaniine, methyl-n*but\*lamine, 
I^irolidine, mox|diolme, piperkline, j^-rrole, pyrroline, N-mediylaniline, N-methyl- 
benzviamine, pvrimidine; tertiary amines such as triethylamine, trimethvlamine, N,N- 

45 dimethylanilin^ X-nictbyl|q?rrrfidii^ N,X-dinicdiyIpyrimidine. X-mcdiylmorpholinc 
and l^-dk2abicydo-5-noncne; sodium hydroxide, potassium hydroxide, ammonium 
hydroxkie, sKlium ethoxide, potassium methoxide, and sodium hydride. 
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The amount of base used in any of the reactions discussed herein is not critical but 
can vary widely, e.g. from a trace or cataJytlc amount of base, that is, from about 0.001 
percent by weight based on the benzofuroxan reactant present, to even molar excess 
amoimis, occurs when the base is used as solvent. In general, optinmm amounts range 
5 from about 0.1 percoit by weight to about equimolar amounts based on the benzofuran 5 
used. As will be readily appreciated, the optinmm proportion of base win vary with die 
nature of the particular reactants employed, as well as specific reaction conditions. 
Accordingly, the optimum proponicn of base is most conveniently establi^ed by routine 
esperimentadon using small scale laboratory reactions. 
10 The inclusion of a solvent in the basic process of diis inventioii is not critical and 10 

its desirabDity will depend on many factors e.g. the consistency of the reaction mixture 
the temperature desired, the ease of maintaining a given temperature. 

If the reactants when combined produce a viscous system or if temperature control 
is difficult, it is hig^y desirable to include an appropriate solvent For purposes of this 
15 invention, an appropriate solvent is any solvent which does not react in an undesired 15 
way with either the reactants or the final jnoducts. 

By choosing an appropriate solvent, better ten^erature control is posablc since 
^>ecific elevated reaction temperatures can be attained by selecting a solvent havbg the 
desired boiling point. Suitable solvents are aromadc hydrocarbons such as benzene^ 
20 toluene, xylene; acetonitrOe, N»M-dimethylfonnamide, halogenated hydrocarbons such 20 
as methylene dUoride, chloroform, carbon tetrachloride, alcohols such as methanol, 
ethanol, propand, n-bataool, ethers socfa as diet^ edier, diaa^K;, taia hydrofuran , 
ethjiene glycol and ethers of ethylene and diediylene ^ycol. Addinonally, an excess of 
the base can be used as solvent provided, of course, it is liquid at die reacuon tempera- 
. 25 ture emi^oyed. This provisicMi, as those skilled in the art will recognize, Umits die nse 25 
of bases as solvents to organic amines. In such Instances, the base is present in great 
excess relative to die benzofuroxan reactant. 

Reaction temperatures do not appear to be cridcal in the present process aldioug^ 
it is generally preferred to carry out the reaction at temperatures above room tempera- 
30 ture. A preferred range is from about 30*'C to about lOO^'C Temperatures below 30*C 30 
inay be employed for instance 0°C to 30^*0 but are less preferred because of the rela- 
tive slowness of the reaction and generally poorer yields. 

The time required for the reacticm will vary considerably widi the nature of die 
reactants, the base used, and the temperature. Reaction perioc^ ranging from about 15 
35 mirmtes to about 30 hours give substantial yields of die desired products. Hig|ier tem- 35 
pexatures, as expected, require shorter reaction periods dian do lower temperatures for 
a given set of reactants. In general, reacuon periods of from about 15 "^mntps to about 
12 hours are adequate. 

The molar ratio of reactantsi, that is, of the benzofuroxan and the methylene- 
40 activated reactan^ is not oitica] hiit can vary widely, e.g. ftom equimolar proportions 40 
to a large excess of either reactanL They are, in general, reacted in equimolar propor- 
tions. As a practical measure ^en using a readily available methylene-activated reac- 
tant e.g. acetone, a large excess of the reactant is used to ensure as conmlete a conver- 
sion of the benzofimncan to die desired produa as is possible. Furdner, the excess 
45 methylene-activated reactant can also serve as solvent. 45 
The order of additifm of reactants is not critical to die success of the process. They 
can be added all at once along widi the base or die base can be added to a mixture of 
Ac benzofuroxan and methylene-activated reactant This latter mediod is advanta^us 
in the case of exothermic rractioiis since it facilitates temperature control apparendy by 
50 regulating the rate of leactton. In die case of such exodiermic reactions, die use of an 50 
appropriate solvent also contributes to temperature control. As alternatives to the above 
mediod of additicm of reactants, either reactant can be added to the other in the presence 
of the l»oper base, or die reactants can be added dmultaneously to die base. 

When benzofuroxan reacts with a s>Tnmetrical j5-diketone (formula VII) diere is 
55 no question as to the structure of the product involved siiK:e the steric effects of die R 55 
groups are identical However, ^rfien unsymmetrical jSkliketones (formula VII R groiq>s 
are not alike) react with benzofuroxan, a single product or isomeric products are pos- 
sible, depending upon die steric effects of the R groups. A series of reactions with 1- 
benzoyl-2-alkanones (QH,— CO— CH^— CO— R wherein R is mediyl, etiiyl, i-propyl 
60 or t-butyl; as the methylene-activated reactants deariy demonstrate the steric effects of 60 
the R f^oup. When reaaed with benzofuroxan in the presence of triethylamine or di- 
ethylamine as base, the first two members of the scries produced only 2-41—3 benz- 
oylquinoMlinc-d^N-oxide rR=^mediyl, ethyl). The durd member produced an iso- 
meric mixture of 2-iMipropyl-3-benzoylquihoxaline^-N-oxide and 2-isobu9iyl-3- 
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phcnylquincnEaliiie-di-N-oxide. The fourth member gave 2-pivalyl-3-phenylquinaxaliiic. 
di-N-oxide as the onJy iHoduct isolated. 

A second series of reactions using p-(substitiited) boizoyi acetones as the rocmyl- 
ene-activated reaciant produced a sin^e produa-2-methyI-3-p-(substituted)beii2Dyl- 
5 q nmnra1fnfe ^i->I.>Q3ride^regard]ess of the nature of the p-substitucnt. . - , j. ^ 

Wth re^rd to the isolation of the desired (mxhicts of this invention, it is found m 
many instances that in the course of or upon completion of reaction the product pwt- 
dpttates out in crystalline form. In such cases, all that is required is filtration, washing 
and drying. If, on the other hand, Ae produa does not completely precipitate or if it 

10 remains in solution, the reaction worki^ consists of evaporating the mixture ahno^ to 10 
dryness and then filtering die product. If the sodium of the product forms as it docs 
in certain instances, die genoal procedure consists of filtering said salt, dissolving it in 
water, adding die solution and subsequendy filtering the product which forms. All 
of the above techniques are wdl known to those skilled in the art. 

15 Chemical and fAysical evidence confirm the di-X-oxide structure of products 15 

obtained from reaction sdieme L For example, the infrared plectrum of die produrt of 
the reaction of dibenzojimethane and benzofuroxan, assigned the structure 2-phenyl-3- 
benzoylquinoxaline-di-N-axtde, displayed strong bands at 1670 cm ^ (conjugated 
carbonyl), 1335 (N-oxide), 770 fortfio-substituted phenyl) and 690 (monosubsutuied 

20 phenyl). Reduction with sodium dithiom'te gave a product identical (mixed melting 20 
point and infrared s^iectrum) with a sampk of 2.phcnyl-3-bcnzoyiqiiinoxaline prepared 
according to the mediod of Brandt et aL Ann. 688, 189 (1965). 

The prodiKt from benzofuroxan and acetylacetone was assigned the structure 2- 
mediyl-3-acetviquinoxaline-df-N-axide. Its nmr spectrum showed sin^ets at 7.55 (3H) 

25 ai^ 734 (3H) and two miihii^ centered at 2.24 (3H) and 1.52 (3H) respectivdy, 25 
and its infiaxed spectrum diowed intense bands at 1700 cm"* (carbonyl) 1330 (N- 
axide) and 770 (ortfao-subsdtuted phenyl). These data are consistent widi the assigned 
structure. , _ 

The verification diat the herein disdosed compoimds are effective antimicrdbial 

30 agents is establidied by experimental evaluations. One such in vivo evaluation consists 30 
of seeding nutrient broth containing various concentrations of the nibjea compounds 
with a particular organism and subsequendy determining the "minimum inhibitoiy 
concentration " (MIC>. The MIC is defined as die minimum concentnition of die anti- 
microbial test oHnpound (in micrograms/milliliter) at which growth of the micro- 

35 organism failed to occur. For instance, die following are representative of the cam- 35 
pounds disclosed herein which have exhibited m vitro acdvity in die above described 
procedure: — 

23-trimediyienequinQxaline-di-N-oxide l-hydrQxybenzinudazole-3-Qxide 

Since all die products of the present invention possess m vitro activity against 
40 harmful microorganisms, they are usdul as industrial antimicrobials, for instance, wattr- 40 
treatment, slime-control, paint preservation, wood preservation, and so forth, as wdl as 
for topical appHcaticm purposes, for example, disinfectants, and so forth. In the latter 
application, it will often be convoiient to compound the seleaed product with a pharm- 
aceutically accq)taWe carrier for case in application. Thus, for example, diey may be 
45 blended with v^mbk or mmeral oils or mcorporated in emollient creams. Similarly, 45 
they may be dissolved or dispersed in liquid carriers or solvents such as water, alcohol, 
glycols or mixtures thereof or odier reaction-inert media, that is media which have no 
harmful effect on die active ingredient For such purposes, it will generally be acceptable 
to employ concentratitms of active ingredients <rf ^om aliout 0.01 percent to about 10 
50 percent by weight based on total composition. 50 
Furthermore, many of die compounds described herein find particular utility in the 
growth promotion of animals in the control of chrom'c respiratory disease in poultry, 
uifectious sinusitis m turkeys, and urinary tract and systemic and non-systemic iiuections 
w| gtiimflls, inrhiding man. 

55 Additianally, many of the novel conc^unds described herein are effective against 55 

giamrpositive and/or gnun-negative bacteria in vivo. This broad spectrum activity, that 
is, activity against both gram-positive and gram-ne^tive bacteria, is in contrast to the 
typkal gram-negative activity esdiibited by qninaxaline-di-N-oxides in general. 

As win be obviois to diose sidlled in the art, many of the products described here- 

€0 in are valuable intermediates for the fnoduction of more hi^y substituted quinoxaline- 60 
di-N-«xuiesL For exanqrie;, the products bearing a methyl substituent, eg. 3-mediyl-2- 
qithiaxalinecaibaxamtdfr^i-N-oatide, can be brommated to the corre^nding bromo- 
mediyl derivative, which can then be converted by Imown methods to an ether, a thio- 
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ether, an amine or substituted amine, a mercapio or hydroxy group. Still furdier, pro- 
ducts bearing an hydroxy or merc^no group can be converted to acylozy, acyldiio, cAer 
or thioetfaers. 

The present invention also includes die novel compounds of the following general 
5 formulae which can be prepared by a mediod in accordance with the method of Britisii 
Patent No. 1,215,815:— 



0 
1 




^dierein X is fluoro, trifluorometfayl, sulfonamido> N-methylsulfonamido or N,N-di" 
mediylsulfonamido and may be sutetituted in one or more of die four substituent posi- 
10 tions of the benzene nucleus, die substituent in each position being the same or different, 10 
and eadi of R' and ishyckogen or lower alkyL 




0 



whcrem is lower alkoxy, aryloxy, benzyioxy or NR,R, wherein R, and R, are hydro- 
gen, lower alkyl or phenyl; and X is hydrogen, chloro, fluoro, methyl, metfaoxy, tri- 
15 fluonmiediyl, sulfonamido^ N-methylsulfonamido or N,N-dimethyl5ulfQnaniido, and 15 
may be substituted in one or mere of the four substituent positions of die benzene nuc- 
leus, die substituent in each position being the same or different the compound 2- 
carbQmedioxy-3-hydr<ny-quinoline di-N-oxide and 2-carboedioxy-3-hydro^-quinolme 
di-K-oxide, i^bich are dauned in Specification No. 1,215,815, being ^^n^wl. 



20 




20 



^idierein X is fluoro trifluoromediyl, sulfonamido, N-methylsulfonamido or N,N-di-' 
medij^sulfbnamido, and may be substituted in cme or more of the four substituent posi- 
tions of the benzene nudeu% the subsdtuent in each position beiiig ±e same or different 



? 
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wherein R is lower alkxU X is hydrogen, chloro, tluoro, mechyl, methos>-, trifluoro- 
metfayi, snlfoaamido, X-nKihylsulfonajnido, or X,X-diineihy!siilfoiiamido and naay^ 
substituted in one or more of die four subsdtuent positions of ihe benzene nudeus, ime 
subsdtiKnt in ci± posiuon bzinz rL:. saue ur JitV.-rjai, and Y' is hydrogen, or caibo 
(lower aSkosy;, ±e compcmids'2-fonnyl-diDaediyi-acetal-quinoxaline dl-N-coidc and 
2-cazboedunc7 3-fdrinyl-<ii-ethyI-acetd-niux^^ di-N-ozide, which are daimcd m 
Spedlication'No. 1^15,815, being esduded. 




wbersin X is hvdrogen. diloro, fluoro, mediyl, niethoxy, trifluoromediyl, sulfonamldo, 
10 X-mcthvlsulfonamido or N^'-dimethyisuIfonaniido and may be substituted in one or 
more of the four substituent positions of Ac benzene nudeus, die substituent in eadi 
position being die same or different; Rj is lower alkyl or phoiyl; and m is 0 or 1. 



10 




wherein X is hydrogen, JJoro, fluoro, mediyl, methoxy, trifluoromediyl, sulfonamido, 
15 N-mediylsulfonamido or N^-dimethylsuifonamido and may be subsdtiiced in one or 
more of the four substituent positions of the benzene nudeus, the substituent in cadi 
position being the same or different: Z is oxygen^ sulfur, imino or N-methylimino; m is 
0 or 1 and n is 2 or 3. 



15 



20 



25 




herein X is hvdro^ diloro, fluoro, mediyl, medioxy, trifluoromediyl, sulfonanudo, 
N-HKdi^sulfOTMmido w N,N-dimethylsulfonamido and may be substituted m one or 
nwre of the four stO^sdtuent positions of the benzene nucleus, the substituent m each 
position being die same or different; Rr is lower alkyl; and Z' is halogen, lower alfcoxy, 
lower alkanoyioxy, cpno, amino, fdienozy, meicapto or lower alkylmexcapto. 




20 



25 
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10 



15 



20 



25 



30 



35 



40 



\dierein X is fluoro, diloro» metfaoxy, sulfonamido, hydrogeii> metfa^, N-medi^sulfbn- 
anndo, N,N-dimetfayl sulfonamido or trifluoroiDediyl and may be substituted in one or 
more of ibe four substituent positions of tbe benzene nucleus, the sobstituent in eadi 
position being the same or different; R,, and R^x are meth]^, edi3d> a method or etfajd 
gnnq> substituted by a chlorO) bromo, hydroxy or diethylamino radical or, when taken 
together with die caibon atom to v^ch they are attached, are cydohea^^ die com- 
pounds 2yZ-dim£thyi>2H benzimidazole-13 dioxide and 2-methyi, 2-ethyl->2H-benz* 
imidazole 13 dioxide, wfaidi are daimed in Spedfication No. 1,215,815, being exduded. 




wherein X is hydrogen, fliraro, chloro, methozy, methyl, trifluoromethyl, sulphonamido 
N-metfaylsuIphonamido or N,N-dimeihyl*sulidionamido, and may be substhnted in one 
or more of the four sobstituent positions of the benzene niideus^ die substitiient in eadi 
poation being the same or different; Ri^ is hydrogen, alkyl, ai^, caxbalkozy, eaxbox- 
amidcs subsntuted alk^ or sobstmned axy], the oonqxnmds l-hydrQ^24Knzhiiidazo]e- 
inoprionamide-3-^de and l^iydroay-2«caibocdi u»iy b q i iJmld a zolc s3-aDdc^ wtddi are 
daimed in Spedfication No. 1,215,815, bdng exduded. 




tdierein X is hydrogen, cfaloro, fluoro, mediyl, meihoxy, trifluonunetfa]^, sulfbnamidq, 
N-methylsulfonamido or NJ4-<limethyl-siilfonamido, and may be sub^tuted in one or 
nuoe of the four subsdtuent positions of the benzene nudeus, the subsdtuent in each 
position being the same or different^ m' is an int^^ from 2 to 16, and Ra is halogen, 
hydra^l, altocy, acetnxy, sSkyi, zryfl^ acetyl, amino^ alkylamtno^ aryhumno^ a^iamino^ 
anq^amino^ caiboxy, caxbaBon^, nittile or anaide. 

The following nrampies fllusnate die conqxiunds of the present invention, wfatdi 
may be {wepared 1^ the methods of this invendon or fay die mediod of BritiilL ^tent 
No. 1,215,815. 

EXAMPLE I. 
2>Mediyl-3-Aoetylquinazaline-di-N-oxide 
To a stirred mi xt ure of b en zof i una an (6.8 g., 0.05 mole) and acet^ acetone 
(5.0 0.05 mole) in 40 mL tetrabydrofdran is added n-propylamine (2.96 g., 0.05 
mole). The reaction mixture is sdored ovemigjit at room temperature and then ev^jor- 
ated imder redixced pressure to a stony. This residue is triturated with edier and filtered 
to recover 0*9 g of yeUow solid which, upon crystallization from diloroform-n-4iexane, 
is reduced to 033 g. of the title compound mdting at 146— 149''Q (MIC against 
Vibrio coQuna is 3.12 m^mL). Fur&r purification is adiieved by recrystallization 
£rom methanoL 

The njDj. ^KCtrom of the product showed singlets r 7.55 (3H) and r 7.34 (3H), 
and mnltiitos centered at r 2JZA (2H) and r 1.52 (2H) in deuteiated chlorofonn widi 
TMS as intemal reference set at 10 (Varian A— 60 spectrometer). 



Infrared: 



1700, 1510^ 1330, 1270, 1100, 1050, 830, 770 cffl-' 
Calc'd for Qja„OJ<r,: %C, 60J4; m 4.62; %N, 12.84 
Fwmd: %C; 6a48j %H, 4.70; %N, 12J3 
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EXAMPLE II. 
2^Metfavl-3-Caxboetfaosj-qimiincdine-^X-Oxide 
To a solution of beozofurozan (6.8 g., a05 mole) and ediyl-acetoacetate (6J1 g., 
0.05 mole) in 40 ml. teciahydiofiiran is ad^ n-propyiamine (2.96 g.» 0.05 mole). 
The reacdm miztuxe is stined for 36 hours and filtered to separate a trace of tan solid. 
The filtrate is evaporated at reduced pressuie to a shiny and triturated with chloioform- 
hexane. After refrigeration storage, die shirry is filtered m recover 4.29 g- of product 
in the form of a tan solid wMdi is purified by rccrystailization from cUorofdmi-hezane 
with activated carbon treatment. 

Infrared: 1730, 1510, 1330, 1275, 1340, 1050, 1010, 1000, 770 cm-* 
Analysis: Calc'd for C-H.^XoO,: = C, 58.06: v,H, 4.87; : ,N, 1U9 

Found: %Q 5827: ^-.H, 4.74; >';N, 10.98 

EXAMPLE IIL 

In each of die following cases equimolar (0.1 m) quantities of benzoftmncan and 
the a{^m>priate N-substituted acetoacetamide are allowed to stand with 10 ml of diethyl- 
amine and 100 ml tetrahydrofiiian for two hours. The material ^cfa pitdpates is 
filtered, dried and lecryst^lised from a dtloroform^methanol (1:1) noizture; The fol- 
lowing compounds result 

0 
t 



12 




CH3 



i 



f 



N 



/"8 



\ 



wherein:—- 
X Y 
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243- 4 
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TABI£ (Continued) 
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CH, 
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232- 3 


Br 
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CI 
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CH, 
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CH, 
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CI 


CI 
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OCH, 
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C,H5 


233 


Br 


H 


CH, 
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SO/JCCH,), 
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n-C,H^ 
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S0^N(CH,>2 
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201- 3 
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EXAMPLE IV. 

The foUowing compounds are pxtpaied from the appropnite ^-keio ester 




and benzofoiQzan or a substhuted benzofiaiQian by adding die 0-keto ester and tben 
5 tbe benzofumxan to a sodium ctfaogide sohmcm picpaxed from sodiom peltes yd 
<>rftgwni^ allowing the mixiure to stand overnight and filtenng» drying and rcoystalliang 
the pxedpitate from rthanol. 
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CH,F 
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CH^F 
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H 




CH,F 


CF, 


H 


CA 


CH,F 
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H 




CH,SH 
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TABLE (Continued) 
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TABLE (Continued) 
X Y R, R,^ 
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* Sodium hydride is used as base in these reactions in place 
ti sodium cthoxide. (a) The corresponding 2-amino-3-carbcthoxy 
compound is also fonned. 



EXAMPLE V. 

The following products are obtained by refluzing 0.01 moks of benzofiuQxan with 
0. 1 moles of the sqipiopriate heterocyclic ketone 



in the presence of 8.7 g of nKffpboIine and 50 mis. dilorofonn for 4 hours. T hensu lting 
mixture is tben ew tp oi a ted almost to drjmess and filtered. The solid is leaystaUised 
from acetoivJMjraiie (1:1). The followii^i'iBDdiicis are oi^^ — 
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pbis die isomeisdMieaf in those cases in wfakJimsii+lniiereiii: — 
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TABLE fContinucd) 
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EXAMPLE VL 

The following 23-polylnctlly]eneq^unoxalin^^^-N•K>xides are prepared by contact- 
ing 0.05 moles of benzofuroxan with 0.06 moles of an appropriate alicydic ketone and 
43 g moxidiolme in 300 ml benzene reflmdng the mixtore for two houxs allowing to 5 
cool and evaporating to dryness. Tlie resulting fffoducc is triturated with an acctone> 
ether mixture (1:1), filtered and reoystaHised. 
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wherein:— 
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2.3-Polyinctbylcne Moiety 
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TABLE (Conlinued) 
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OCH, 


H 


-CH(CH^CH,CH,CH(OH)- 


H 


H 


-CH(CH3)CH^CH,CH(0H)- 


OCH, 


H 


-CH(CH,)CH,CH;,CH(OH)- 


OCH, 


CI 


-CH(CH3)CH,CH,CH(C1)- 


H 


H 


-CH,CH(CH3)CH(0C0CH,)- 


H 


H 


-CH,CH(CHJCH(OCOCH,)- 


CI 


H 


-<:h^ch{ch,)ch(ococh,)- 


OCH, 


H 


-CH,CH,CH,CH(OCOCH,)- 


H 


H 


-CH^CHXHjCHCOCOCHJ- 


CF, 


H 


-CHaCH;,CH,CH(OCOCH,)- 


SO^NCCH,):, 


H 



EXAMPLE Vn. 

Rqietitian of the pxoceduxe of Exaiii{de I but usmg the appropriate jS-dilMme 
(RaOOCHsCOR^) in pSare of acetykcenme and the appiopriate b c uzufuim a n itactant 
5 pioduoes die fiollowing compounds: ^ 
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H 


H 
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CH, 


CI 


H 


Cfls 


CH, 


OCH, 


H 




CH, 


F 


H 


CJis 


CH, 


CF, 


H 




CH, 


SOjNHCH, 


H 


CeHs 


C,H, 


H 


H 




i-C,H, 


H 


H 


CCCHJ, 


CfiH, 


H 


H 


CH(CH,), 


CfiHa 


H 


H 


CH, 


p-tolyl 


H 


H 


CH, 


p-lolyl 


CI 


H 


CH, 


p-tolyl 


OCH, 


H 


CH, 


4(CH,0)C6H4 


H 


H 


CH, 


4(Cn,0)CeH^ 


F 


H 


CH, 


4{CH,0)CeH4 


CF, 


H 


CH, 


4(CH,0)C^, 


SOjNH, 


H 


CH, 


4(Br)C^^ 


H 


H 


CH, 


4(N02)C^H4 


H 


H 


CH, 


4(N02)C,H4 


CI 


H 


CftH,, 


CJH^, 


H 


H 


t\H„ 


CeH,, 


CI 


H 


C.H„ 


CfiHu 


CF, 


H 




C(Hu 


OCH, 


CI 


CeHw 




S0/4HCH, 


H 


CH, 


CH, 


SO/iH, 


H 


CeHs 




CI 


H 


C H 


C II 


r 
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n 


CJti, 


CeHs 


OCH, 


H 


C^Hs 




SO,N(CH,), 


H 


CA 


CA 


CI 


H 
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TABLE (Coniinued* 
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C,H5 


CI 


CI 




C,Hs 


SO;s^HCH, 


H 








H 






0C^5 


H 



EXAMPLE VIIL 

A mixtuze of 0.11 moles of an appropriate malonic acid Oiesier is heated with 0.1 
moles of beozofuroxan, 0.1 moles of sodimn metfaoxidc and 300 ml of methanol and 
allowed to stand ovemi^i. The precipitate is filtered oil, and the pr dua isolated by 
acidification of the filtrate with 2N HQ followed by extraction with chlorofonn. 
Evaporation of ihe solvent pelds the crude product, which is purified by ciystallisation 
ton diloxofoxm-hex^ie. 




together with the reduced form: 
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wherdn; 
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X Y R» 



H 


H 


0C^5 


CI 


H 


OC^H, 


OCH5 


H 


OC^Hs 


CH3 


H 


OCH, 


0C,H5 


H 


OC,Hs 


CF. 


H 




CI 


OCH, 


OCH, 


CF, 


H 


OCH, 


SOJ^(CH,). 


H 


OCH, 


CH, 


CH4 


n-C^Hj^O 


CI 


H 


n-C^H,0 


F 


H 


n-C^H^O 




H 


OCH, 






n-C H«0 


H 


H 




CI 


H 




OCH, 


H 


0( 


SOJMHCH, 


H 





'* Sodium hydride used as base in place of sodium 
methoxide. 



EXAMPLE IX. 

The subsdtudcm of a malonamate diat is a half-ester, half-amide of malonic add 
for dimedi^maionate produces die following quinoxalines ^en reacted with die appro- 
5 priatebenzofuroxanacandingtDtfaepnKeduxeof ExaxiqpleA^^ 5 

O 
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SO^NH, 
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CH, 


CH, 
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CI 
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OCH, 


CI 
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CH, 


SO^NHCH, 
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OCH, 
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S0J4Ha 
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CI 
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OCH, 
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CJI5 


H 


SO^NCCH,), 
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Cfls 
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CI 
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QHs 


CH,- 


H 


H 


CJi, 
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OCH, 


H 


C^, 


H 


Br 


H 


C\H, 


CH, 
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TABLE (Coniinued) 



CF, 


H 


c^. 


H 


SO,NHCH, 


H 




H 


OCHi 


CI 


CJis 


H 


CI 


CI 


C,H. 






H 


CH, 


H 


CF, 


H 




C,Hs 


CF, 


H 




H 




H 


c^. 


H 



10 



The quinozalines thus piepaicd are oxidized by known methods to Ae cone^nd- 
ing di-N-onde& A favoured method comprises treating 4e quinozaline in cfalorofoim 
with an equimolar amoimt of m-ddoropeibenzoic add at room temperature for a period 
of ibiee days. The f^edpitatBd m-chlorobenzoic add is filtered off and the diloxofonn f 
sdution washed witfi saturated aqueous sodmm bicarbonate. The diloroform solution 
is dried (NaiSO^) and taken to dryness under reduced pressure to give the produo. 

EXAMPLE X. 

0.3 moles of malonitrile are stirred with 0.25 moles of the appropriately-substituted 
bcDZofurozan, 10 mis of triethylamine and 200 mis of tetrahydrofuran. After 30 u 
minutes the reaction becomes violently exothermic and is controlled by an ice-bath. 
After reaction, the mixture is allowed to stand at room temperature for 24 hours. The 
resulting predpitate is filtered, dried and recrysialliscd from methanol. The following 
products are obtained:— 



15 i 



wherein:— 




F H 

SOaNHz H 

SO^(CHi)s H 

ca?, H 

SOJOHCH, H 



EXAMPLE XI. 

The following 3^ydroxy-2-quinoxalinecarboxamides are prepared honi the 
20 ai^priate malonic add diamide (B— CO— CH,— CO— B') and benzofiinixan by 21 
the procedure of Exan^ X. 
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HNCH3 
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H 
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HNC,H= 


H 
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HNCeHs 


HNC^s 
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C,H5 


CF, 
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HNC^s 


HNC^, 
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C^s 
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HNCJl, 


HNCA 
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C,H, 


H 


H 


NH, 


HNC^, 


H 


CJls 



10 



Ondanm of diese quinoxalmes by the proceduxe set fbrtfi in Example X pniduces 
die coRcqpcmding dt-N-coddes. 

EXAMPLE XIL 

The foUowing compounds are prepared by stirring 0.1 mdes of m appropnatc 
benzoftmoan widi 0.015 moles of ketosulfomc acid of die /omola 
R — CX>— CHsrCHOm— ^OA 0.025 moles of pyrrolidme and 20 mis of dimettiyl- 
ftimamide at loom^tempeiature for 2—3 hours. The solid whidi separates is filtcmi 
off, washed widi acetonitnle and dried. 




10 



wberdn:— 
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SOJ^ICH, 
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CJls 


CF3 
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CH, 


CF3 
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CH, 



EXAMPLE XIII. 
2-Foimyiquinoxalm&-di-N-Ozide Diacetals 
Pyiuvaldebyde dimediylacetal (26.0 g., 022 mole)^ benzofuroxaa (272 g., 0.2 
mole) and NJ^-dimetbylfonDamide (60 ml.) are placed in a duee-ne^ed round- 
bottomed fla^ and cooled to 0° — S'^C. Ammonia (anhydrous) gas is passed tfaroug|i 
the stined solution for thirty minutes at the end of vMdi time the ammonia inlet xxAk 
is lemofved and rq>laced widi a drying tube and the flmmnnfa oudet tube replaced with 
a glass stopper. The reaction mixture is then allowed to stand at room temperature for 
five days. The product, 2^fonnylHlimeth^acetalH]uinozaline-di-NHszide^ is filtered off, 
slurried in edier, filtered and dried: ALP. 14^ — 146.5'*C, 723 percent yidd. 
In like manner the following compounds are prepared: 



10 



/ 
\ 



OR 



OR 



wherein:* 
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OCH, 
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i^sH, 


S0/4H, 
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n-C^H, 
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n-CJi, 


CI 
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SO;^(CH,), 
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n-C^H, 


F 
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C", 


CI 


H 


n-C,H, 


CH, 


CI 


CA 


CF, 


H 


CH, 
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CH(QR)2 



COOR'' 



23 



nrCAMPLE XIV. 

The followiag 2<arbaIkoxv-3-fonnjiqumaxa!ine-<li-N-oxide diacctals are pro- 
duced by stirring under nitiogen, 0.05 moles of a suitable alkyi -^.y-dhiikozY aceto acmtc 
and an aroropriate bcnzofuroxan, and adding 50 mis of a 0.05 M soluiion of sodium 
aliflskle in edianoL Hie mixture is stirred for diree hours at room tempmture and mm 
lefiused for three more hours. After cooling to room temperature the mixture »s sorted 
ovemidit, and concentrated to a viscous oU on a stream bath. Upon c^ng, dieofl 
solidifies. The solid is shnried with edianol, and die purified solid filtered off. Tm 
product is reczydallised from hezane/acetone. 



iO 



wherein:— 
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Y 


R 




CI 


H 


C^5 
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H 




CaH, 


OCHs 
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Cjtls 


CaH, 


CH, 
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C,Hs 


C,H5 
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C^5 


C^5 


SO^NHj. 


H 
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CH, 




CI 
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OCH, 


H 
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CA 
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CH, 


H 
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n-CJl, 


n-CJtl^ 


CI 
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D-C4H9 


n-CJio 


CH, 
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n-C^H^ 


n-CJl, 


H 
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n-C^H, 


C,H5 


SO^NICHJ, 


H 


n-C^H, 


C^5 


SOjNH(CH,) 


H 


n-C4H9 


C,H, 



15 



20 



The necessary alk^ 7,v-dialkoxyacetoacetatcs are prepared according to die pro- 
cedure described by Johnson and C^etcher, J: Am. Chem. Soc 37 2147—9 (1915) 
which comprises reacting the appropriate alkyldialkoxyacetate widi sodium and an alkyl 
acetate. The procedure is ezen^fied below in the preparation of methyl 7,y-dimethoxy- 

Sodram (56.2 g.) is dissolved in absohite elhanol (800 mL) and die solutMm 
lieated m WC. on a water badi. Dichloroacedc add (105 g.) is then ^awty added to 
a droppnig limneL The nuxtnre is dien cooled to 10''C» hydrochloric add (35 mL) m 
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20 
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absolute edianol (50 ml.) i& added and die soiudon allowed to stand at ixxan tempera- 
tore for ei^teen hours. The hydrocfalonc add is then neutralised by adding the stnkhio- 
metric amount of sodium eth^te in ethanol sotudcHi. The alcohol is removed by distilla- 
tion under reduced pressure and the residue diluted by addition of cold water (20 mL). 
5 The aqueous solution is extracted with edier (3 x 250 mL)> the ediereal solution dried 5 
and, after removal of the ether, distilled m vacuo to give ofayldiediazyacetate. 

Ethyldietbo^cetate (32 g.) and methylacctate (25 g.) arc placed in a fladc 
equif^ed with stirrer and reflux condenser and heated to reflux. MeuUic sodium wire 
(6.5 g*) is introduced into the flask in anall portions and hewing continued until the 

10 sodram is completely dissolved. Methylacctate (25 g. ) and metallic sodium wire (6.5 g.) 10 
are tiien added and heating continued until the solution is dear. The mixture is cooled, 
a large volume of ice water cautioudy added and the mixture extracted with ether. The 
aqueous solution is addified with hydrochloric add at 10**C to 15**C and the desired 
produa extracted with eAer. The ethereal extract is dried (NajSO^), the criicr removed 

15 and the residue distilled in vacua to give methyl y^y-diedioxyaoetoaoetate. 

EXAMPLE XV. 

The following compounds are prepared by adding dimediyl pyridine (113 g.}, 
dropwise, to 0.12 moles of the appropriate primary nitro compound, 50 ml of tetra- 
hydrofucan and 0.10 moles of the appropriate benzofuroxan. The reaction is oontroUed, 
20 if necessary, by an ice-bath to produce a steady reflux. On completion of the addition 20 
the resulting mixture is allowed m cool to room temperature, whereupon the solid pro- 
duct is filtoed, washed with water, dried and recrystallised from a MeOH/NaOCHs 
mixtnre^Rribicfa is sobseqoently addified. 




25 



wherein: — Y^^H and 
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SOiNHCHj 




CI 


C.Hs 


OCH5 
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CH^CHa^t'NH, 


OCHj 
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CH^CHXONH; 


CI 


COOC.Hs 
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C00C^5 


OCH, 


COOC^Hs 



The fcUowing 2H-beiiziiiiida2oIe-13-di-N-ondcs are prepared by adding drop- 
wise 0.12 moles dietiivlamine fc> 0.10 moles of die appropriate benzofuroxan md O IZ 
moles of tbe appropiite seamdary nino amvound and allowing die reaction momBre 
wscmd ovemi3«at room tempenitiiic. The resulting solid h hltered, washed and dried. 




wberein: — Y=H and:— 



31 1308,370 31 



Y 

A. 






Y 
A 






CI 


CH, 


CH, 


H 


CH, 


CHjBr 


F 


CH. 


CH, 


F 


CH, 


CH.Br 


OCH, 


CH, 


CH, 


OCH, 


CH, 


CHjBr 


CF, 


CH, 


CH, 


H 


CH, 


CH2OH 


S0J4(CH,), 


CH, 


CH, 


Ci 


CH, 
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OCH, 
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CH, 
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WHAT WE CLAIM IS:— 

1. A process according to Claim 1 of British Patent No. 1,215,815 vi^ierdn an iso- 
benzofuroxan is contacted widi a malonic acid diester in die presence of an ancali metal 

5 hydroxide or an alkali metal hydride. 5 

2. A process according to Qaim 1 of British Patent No. 1^15,815 wherein an is(H 
benzoforoxan is contacted with a malonamate in the presence of an alkali metal hydrox- 
ide;, an alkah' metal sdkoxide, or an alkali metal hydride. 

3. A process according to Qaim 1 of Britidi Patent No. i;E15,«15 wherein an iso- 

10 benzoftiroxan is ccmtacted widi a malonic add diamide in the presence of a base. ^0 

4. A process according to Qaim 1 of Britislk Patent No. i;215,815 wfaesnein an iso- 
benzofuiDxan is contacted with a j3-4ceto ester in die presence of ammonia, a prinaiy or 
secondary amine, or an alkali metal hydride. 

5. A process according m Qaim 1 of Briti^ Patent No. 1,215,815 Miietdn an iso- 
benzofuroxan is contacted with a ^-diketone in the presence of ammoiua> a primary or 15 
seamdary amine or an alkali metal hydride. 

6. A process according to Qaim 1 of Bridsh Patent No. 1^15,815 wherein an iso- 
benzofuroxan is contacted with a jS-keto amide in the presence of a terdary amine, an 
alkali metal hydroxide, an alkali metal alkoxide or an sdkali metal hydride. 

20 7. A process according to Qaim 1 of Bridsh Patent No. 1,215,815 wherein an iso- 20 

benzofuroxan is contacted with a primary or a seccmdary nitro compound in the presence 
of an alkali metal hydroxide, an alkali metal alkoxide or an alkali metal hydride. 

8. A process according to Qaim 1 of Bxhish P^tem No. 1,215,815 wheiein an is:- 
benzofuroxan is contacted widi malonMUtrile or cyano acetamide in die presence of an 

2S alkali meialfaydrule. 25 



15 
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32 



9. A process ac.orujis lO C^ir.t 1 of Bntisli P:t-nt \V. 1^15,815 wherein an iso- 
benzofurcwan is contacted wiA a pynwaJddiyde aceiai v other djan die dnneihyl acetal^ 
in die prfyiWT i>f flmnymia nr a primary^ secA'idary or tcrdarv amine. . 

10. \ process acc »rJins to aairi 1 Briash Paicn: X:- l.J!I:M5 wherem an iso- 
benzofuroxan is coaiacted widi an alicydic ketone m xht presence of an alkalj metal 
h\xinixide, an alkali metal aJkoside or an alkali metal hydride. 

* 11. A process axcrding to Oaim 1 of British Patent No. 1,215,815 wherein an iso- 
benzofmnsan is contacted widi a heterocyclic kct.v.j In ihc presence of ammnnia, a 
primary, secondary or tertiary amine, an alkali metal hydroxide, an alkah metal alK- 
oxide, or an alkali metal hydride. • 

12. A process accoiding to Qaim 1 of British Patent Na 1,215,815 wnerem an »o- 
benzofuTOxan is contaaed with a ketosulfonyl compound or a ketosulfbnamide m the 
presence of a base. ^ ^ ^ . _ . . 

13 A process according to Oaim 1 of Britidi Patent No. 1,215»815 whercm an iso- 
benzofiiroxan is contacted widi a lower alkyi, -^y-diaowcr alkmcy) acctoacetate (odier 
dian die ethvl Vj-yHdiedioxyaoetoacctate) in die presence of ammoma, a pnmary, 
secondary or teriiar. amiiK, an alkali metal hydroxide, an alkali metal aDcoside or an 
alkali metal hydride. 

14. A compounJ of die fommla 
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wherein X is fluoro, trifluoromcdiyl, sulfonamido, N-mediyisulfonamido or NJ4-di- 
medivlsulfomimtdo and may be substituted in one or more of the four substitmed posi- 
tions of die benzene nucleus, the subsdtuent in eadi position being the same or different; 
and each of R' or R" is hydrogen or lower alkyl- 

15. 3-Mediyl-6 (or 7)-fluon)-2-quim»dinecaiboxamidc-di-N-caadc. 

16. A compound of the formula 




wherein R.- is lower alkoxy. aryloxy, benzyloxy or NR,R» wherem R. and R. $3*^ 
gen, lower alkyl or |Aenyl; and X is hydrogen, chloro, fluoro, methyl, medioxy, tnflucwo- 
medivl, sulfonamido, N-medivlsulfonamido or N>'-dimediylsulfonanudo may be 
substituted in one or more of die four substituent positions of die bemone nudeuv^ 
sidistiment in each position being die same or differen^ die ompounds 2.caibonKft;- 
o^.3-hydroxy quiMaalinc^N-axidc and 2.carboeriiaxy-3.l9dnayqumolme^N- 
oxide being exduded. 

17. A conqiound <tf the liomnila 
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whym X is tluoro, trifluoTomethyU suifommido, N-methylsulfonamido or N^-di- 
fl^tfayisulfonamido and nay be substituted in one or more of Ae four subsdtnent poa- 
ticms of the benzene nucleus, the substituent in each position being the same or differmt 

18. 2-Cyano-3-amino-6 (or 7)-fltion>quittc»Ealine-di-N-<ndde. 

19. A compound of die fonnula 



CH(OR)- 




^y fagcm R is lower aOcyl; X is hydrogen, cfaloro, fluoro, mediyl, methoxy, trifluoro* 
medi^ sulfonamido, N-mediylsuIfonamido, or NJ»J-dimediylsulfonamido and may be. 
substituted in one or more of the four subsdtuent positions of the benzene nucleus, the 
substituent in each position being the same or different; and Y' is hydrogen or caibo- 
(lowcr alkoxy), the compounds 2-formyl-<limeihyl-aceml quinozaline di-N-ozide and 
2-carboethoxy-3-formyl-di-ethyl acetal-quiiiaxaline di-N-ozide being g^yh ided. 
20. A compound of the f oxmula 




15 



(CH2VSO3H 



wherein X is as defined m C3aim 19, is lower alkyi or pheiQri; and m is 0 or 1. 
21. A compound <tf die fonnula 




CCH2). 



Z 



20 



^x^ieiem X is as defined in Claim 19; Z is axygpty sulphur, imino or N-medgrlimino, 
m is 0 or 1 and n is 2 or 3. 

22. A compound of dwfonnuh 




wherein X Is as defined in Claim 19; is loiver aftyl; and Z' is hatogoi, loTO 
lower alkanoylaxy, cyano, pbennxy, amino, nKxcapto or lower alkylmeicapto. 



34 



23. A conqwund of ihe foimula 
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,rfieidn X is hydrown, metfiyl, fluMO, chlops mcdimty. sulfonansido, N-mediyl sulfiMi- 
amido. NJ^-dimcdiyl sulfonamklo or trifluoromcthyl and snay be substituted in one or 
more of die four substituent positions of die benzene nucleus, the subsutuent maOi 
voaam being die same or different; R,. and R,. are metfnl, etbj4, a nicdi>1 or efljyl 
hvm substituted hy a cfaloro, bromo, hydro^ or di-cd»ylanuno group, or, when taken 
oeedber widi die carbon atom to wWcfa tiiey are attadied, are c>^ej^, die compounds 
J|Sdiyl-2H-teizimida2nIe-13-dioKide and Z-mcdijI-Z-ediyl-ZH-bcnamidazole. 
l^-dioodde bdng excluded. 

24. A Gompouiid of die f oiAiiilii 



10 




m lAidi X is as defined in Claim 19, R„ is hydrogen, alkyl, substimted allq^, ar;^, 
subm'tiiwd arW, carbalkox\- or carboxamido, die compounds l-h>-drox>-2-benanud- 
15 . azote pn>irionamide-3-oxid4 and l-hydrosy-2-carboedioxybenzimidazole-3-QXjde bcmg 
excluded. 

25. A compound of the formula 
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in wWdi X is as defined in Claim 19, m* is an integer of from 2 
Z^Mr^^^^^. alkyl. aryl, acetyl, amino, alkyhmmo. aiylanuno. acyl- 
ininoJaroyiamino, carboKy, carbaUawy, nitrile or amido. i «, « «nd 

^26 Cbmpomis when prepared in accordance widi any one of Claims 1 to 13 and 
substantially as hereinbefore described widi reference to die ^^P^'^^.. .. w^,,d„ 

Ateifaods of preparing quinoxaline di-N-ondes, 
and liydSwn^WnriSe-f-cHdes according to any one of Clamis 1 to 13 and 
sd«antkyakheieihbel6rcdKcribedmdinfccnce to t^^^ snbstantiaUv as 

28. Cwiqwunds in accordance widi any ok of Clauns 14 to 25 buftstanoauy a» 
h ff w i ii l i f fn r c described in any one of the Etamples. 
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